Palliative first-line therapy with weekly high-dose 5-fluorouracil and sodium folinic acid as a 24-hour infusion (AIO regimen) combined with weekly irinotecan in patients with metastatic adenocarcinoma of the stomach or esophagogastric junction followed by secondary metastatic resection after downsizing
Background
Although the incidence of gastric cancer has continually decreased in Germany over the last 20 years, gastric cancer still remains a common cause of cancer mortality in Germany. To date, an estimated 18 800 new cases of gastric cancer will be diagnosed in Germany each year, mostly affecting male patients [1] . In Europe, an incidence of 159 900 cases of gastric cancer was registered in 2006, which is consistent with 5% of all causes of cancer. In Europe, gastric cancer is the fourth leading cause of cancer mortality [2] ; moreover, it is the second most common malignity worldwide, with approximately 700 000 cancer-related deaths. The geographic distribution is characterized by enormous international differences; as gastric cancer is frequently diagnosed in particular in East Asia (China, Japan), in Eastern Europe and in parts of Central and South America [3] .
In contrast to gastric cancer, the incidence of carcinomas of the esophagogastric junction has clearly increased over the past 20 years. It is mainly diagnosed in the white male population of Western industrial nations. In 2000, an annual increase in incidence ranging from 8.7% to 15.2% was observed in Central Europe [4] . This rate of increase outranges that of other entities of solid tumors [5] .
Gastric cancer patients have a relatively poor prognosis [6] . More than 60% of the patients present with either advanced or metastatic disease (in accordance with UICC (International Union Against Cancer) stage III or IV) [7] ; thus rendering the performance of curative resections impossible. As a result, even under the best supportive care, median overall survival (OS) in advanced non-resectable or metastatic gastric cancer only ranges from 3 to 5 months [8, 9] .
Over the last few years, the development of active combined chemotherapy regimens have improved the median OS, time-to-progression (TTP) and quality of life factors in advanced and metastatic gastric cancer [10] . The outcome of a trial conducted by Glimelius et al demonstrated that patients with metastatic gastric cancer showed a prolonged OS of 3 additional months, as well as an increase in median TTP ranging from 2 to 5 months, if they had received palliative treatment (either with 5-fluorouracil/folinic acid (5-FU/FA) and etoposide (ELF) or with 5-FU/FA alone) in contrast to best supportive care alone [8] .
At present, combination chemotherapy, in particular cisplatin-based chemotherapy regimens combined with either 5-FU or 5-FU/FA, is a widely accepted standard treatment for metastatic gastric cancer. The so-called PLF regimen (5-FU/FA as 24h infusion plus cisplatin) or further infusional regimens (5-FU/FA) in combination with cisplatin, yielded response rates ranging from 27% to 46% as well as median overall survival times ranging from 9.2 to 9.7 months [11] [12] [13] . However, they produced relatively high rates of adverse effects in terms of NCI-CTC (National Cancer Institute Common Toxicity Criteria) grade 3 or 4 toxicities (71% of the patients revealed higher grade hematological toxicities, 25% presented gastrointestinal toxicities) [11] . In addition, the so-called ECF regimen (epirubicin/cisplatin/5-FU) has been established as a standard treatment schedule, particularly in the UK. In comparatively large phase III trials the ECF regimen achieved response rates from 41% to 42% accompanied by a median OS of between 9.4 and 9.9 months. In terms of toxic adverse effects, higher grade neutropenia (grade 3 or 4) was observed in 32-41% of the patients [14, 15] . The objective of the subsequent studies was to reduce the toxic adverse effects of cisplatin-based regimens while maintaining their efficacy; it could be demonstrated in 2 phase III trials that a similar level of efficacy accompanied by a better toxicity profile could be achieved by replacing the relatively toxic cisplatin agent with oxaliplatin [14, 16] .
Adding docetaxel to 5-FU plus cisplatin (DCF) significantly improved median OS, which increased from 8.6 to 9.2 months in a large phase III trial related to the treatment of metastatic gastric cancer. In this trial on the approval of docetaxel (TAX 325), which was conducted by Van Cutsem et al, combined docetaxel presented a clear superiority of docetaxel over the reference regimen based on CF (cisplatin/5-FU). Overall response increased from 25% to 37%, and median TTP could be significantly prolonged from 3.7 to 5.6 months (primary endpoint). The secondary endpoints were also improved by use of DCF [17] [18] [19] , although severe hematological toxicities (neutropenia grade 3 and 4) were observed in 82% of the patients. Moreover, treatment-related deaths occurred in 3% (n=6 patients) of patients due to febrile neutropenia after having applied the DCF schedule [19] .
Early in 2010, trastuzumab, a monoclonal humanized antibody against HER2 (human epidermal growth factor receptor 2), was approved for the treatment of metastatic gastric cancer (together with combined 5-FU and cisplatin in firstline treatment) in Germany. In a randomized phase III trial (ToGA Trial), 3807 patients were checked for their HER-2 status; however, only 22.1% out of those 3807 patients revealed a positive expression. The subgroup, comprising 594 patients with a positive HER-2 status, was randomly assigned to 2 treatment arms, and subsequently received combined treatment (5-FU or capecitabine and cisplatin) or a combined cisplatin-based treatment plus trastuzumab. The patient group treated with trastuzumab had a significantly prolonged median OS (13.8 months vs. 11.1 months) and an improved overall response rate (47% vs. 35%). Both arms were comparable in terms of their toxicity profile. In total, trastuzumab combined with 5-FU and cisplatin may be considered as an efficient immunological agent accompanied by good tolerability for the treatment of metastatic gastric cancer of the subgroup with HER-2 positive tumors [20] .
Irinotecan, which is used in the treatment of metastatic gastric cancer, is another active drug [21] [22] [23] . Single-agent irinotecan yielded response rates ranging from 12% to 23%, accompanied by a median survival rate of 6.4 to 7.0 months in the treatment of metastatic gastric cancer [21, 24, 25] . Grade 3 and 4 neutropenias were observed in 23% to 39% of the patients and diarrhea in 20-30% of the patients [21, 25] . High-dose 5-FU/FA as 24-h infusion (AIO regimen, Arbeitsgemeinschaft Internistische Onkologie,) plus irinotecan yielded noteworthy results in terms of efficiency and tolerability in the first-and second-line treatment of metastatic colorectal cancer [22, 26] ; this combination was also used in trials on metastatic gastroesophageal adenocarcinoma [27] [28] [29] . Irinotecan plus 5-FU/FA proved to be an active drug combination in terms of median OS and response, it offered good tolerability and yielded positive results in several trials on advanced and metastatic gastroesophageal adenocarcinoma [11, [27] [28] [29] . Accordingly, this combination has been used in our department for first-line treatment since 1999. Here, we present the evaluation of the documented patients treated in the Medical Department 1, Erlangen University, as a validation collective of a previous phase II trial published by our study group [29] . The objective was two-fold -we analyzed the specific chemotherapeutical data, and we evaluated whether secondary metastatic resection after downsizing offered an improved prognosis for the analyzed patient group.
Material and Methods

Patients
We evaluated the data collected by the prospective tumor registry of the Medical Department 1 of Erlangen University from August 1999 to December 2008 on patients with the following inclusion criteria: Either a histologically proven metastatic adenocarcinoma (UICC stage IV) of the stomach or esophagogastric junction (AEG type I, II, III) had to be present. Previously, the non-resectability of the distant metastases had been assessed by the interdisciplinary tumor board of Erlangen University. At least 1 bi-dimensional lesion had to be detectable by imaging procedures (CT scan of the abdomen or chest, respectively). All patients were chemonaive and received high-dose 5-FU/FA as 24-h infusion (AIO regimen) plus irinotecan as palliative first-line treatment on an outpatient basis. Further inclusion criteria were an ECOG (Eastern Cooperative Oncology Group) index ≤2 prior to initiating treatment, adequate bone marrow function (leucocytes ≥3500/µl, platelets ≥100.000/µl), sufficient liver function (serum bilirubin ≤2× the upper reference range), and adequate renal function (creatinine ≤1.5× the upper reference range). Exclusion criteria were hypersensitivity against 5-FU, FA or irinotecan, previous palliative chemotherapy, concurrent radiochemotherapy (exception: pain treatment), clinically relevant cardiac disease, cerebral metastases or other malignancy. Further exclusion criteria were chronic diarrhea, a chronic inflammatory bowel disease or a subtotal bowel obstruction. Before initiating treatment, a medical history, physical examination, laboratory tests (blood count, serum analysis, coagulation test) including tumor marker determination and a spiral CT scan of the abdomen or the chest were performed.
Treatment protocol
Prior to treatment, a Port-a-Cath was surgically implanted. For palliative treatment, the patients received in out-patient care 80 mg/m² irinotecan as 1-h intravenous (i.v.) infusion followed by 2000 mg/m² 5-FU and 500 mg/m² FA as a 24-h infusion (AIO regimen) via a miniature pump system on days 1, 8, 15, 22, 29, and 36. The procedure was repeated from day 57 onwards. One treatment cycle comprised 6 applications followed by 2 weeks of rest. As prophylactic antiemetic, 1 mg granisetron i.v. was applied prior to initiating treatment, and 0.25 mg atropine s.c. was given to avoid the occurrence of an acute cholinergic syndrome. If, during the course of treatment, nausea or vomiting of NCI-CTC toxicity grade ≥2 occurred, antiemetic treatment was intensified by 8 mg of dexamethason i.v. In the event of diarrhea, the patient was instructed to take loperamide immediately after every bowel movement according to a strictly defined schedule. Prior to each weekly application and after terminating each cycle, the NCI-CTC toxicity was determined by performing laboratory tests and taking medical history. Treatment was continued up to tumor progression. Treatment was discontinued if severe side effects, withdrawal of the patients request for chemotherapy treatment, or the necessity of other measures (eg, surgical intervention for secondary resection), presented.
Methods
After every cycle (every 8 weeks), a follow-up examination comprising laboratory tests and tumor marker control (CEA (Carcinoembryonic antigen), CA 19-9 (Carbohydrate Antigen 19-9) and CA 72-4 (Carbohydrate Antigen 72-4), a CT scan (of the abdomen or chest, depending on the localization of the metastases) or further imaging procedures (e.g., a PET-CT scan) were performed. Antitumor activity was evaluated in accordance with WHO (World Health Organization) criteria [30] .
All toxic events were registered and categorized in accordance with the NCI-CTC criteria. Prior to each application (exception: alopecia), an NCI-CTC index of ≤1 was required. If an NCI-CTC toxicity ≥2 was present, treatment was delayed by 1 week or more until a toxicity grade ≤1 was achieved. If higher grade toxic adverse effects (NCI-CTC-Index ≥2) persisted, the chemotherapy dose was reduced by 25% at first.
After progress during first-line treatment with 5-FU/FA and irinotecan, 29 patients (38%) presenting in a good general state of health and a satisfactory state of nutrition and with the request of further treatment, received palliative secondline treatment consisting of either an oxaliplatin-based regimen (55%) or a cisplatin-based regimen (28%). In some patients (8%), palliative third-line treatment, mainly with docetaxel (83%), was performed. Only a few patients (1%) received palliative fourth-line treatment.
Statistical considerations and study endpoints
The primary endpoints of this evaluation were the response rate (CR+PR) and the achieved tumor control (CR+PR+SD). Further endpoints related to median OS (calculated from the first chemotherapy application up to the event of death or end of trial (31 December, 2008)); TTP according to radiological imaging procedures (calculated from the first chemotherapy application up to progression); the NCI-CTC toxicity grade (version 3.0) and the rate of secondary resections (related to median OS). In addition, the CEA, CA 19-9 and CA 72-4 tumor markers, and the respective ECOG index values were evaluated as prognostic factors related to median OS. The last date of evaluation was 31 December, 2008. At that time, 64 out of the 76 evaluated patients (84%) were dead. One patient still received first-line treatment, and 6 patients (8%) received further palliative treatment lines.
In total, toxicity data of 75 patients (99%) were collected and evaluated. Furthermore, response-to-treatment data of 72 patients (95%) were analyzed. In 4 patients (5%), response could not be evaluated for the following reasons: 2 out of the 76 evaluable patients (2.6%) died within 30 days after initiating palliative first-line treatment, each one after
having received 2 applications of the first cycle. Most probably the causes of death were both a high tumor burden and a clinically suspected tumor progression. One patient refused treatment continuation after having received 5 applications of the first cycle, and another patient had to undergo an emergency intervention in the form of a Billroth I operation due to extreme bleeding out of the primary tumor after the first chemotherapy application.
Both median OS and TTP parameters were analyzed in accordance with the Kaplan-Meier method, beginning with the first chemotherapy application as the respective starting point. Differences between the survival times were analyzed for statistical significance using the log-rank test. The significance level a was defined as 0.05. All statistical tests were bilateral. The 95% confidence interval (95% CI) was calculated in accordance with the Greenwood method [31] . All analyses were performed using the statistics software SPSS for Windows version 17.0 (SPSS Inc., Chicago, IL, USA).
results
Patient characteristics (Table 1)
The median age was 59 years (range: 26-78 years), the majority of the patients were male (74%), and 20 out of the 76 treated patients (26%) were female. At treatment initiation, the following co-morbidities were observed: arterial hypertonia in 27 patients (36%), thromboembolic events in 14 patients (18%), diabetes mellitus in 11 patients (15%), coronary artery disease in 6 patients (8%), and cardiac arrhythmia in 4 patients (5%). Prior to initiating treatment, 63 patients (83%) had an ECOG index ≤1, and in 13 patients (17%) an ECOG index equal 2 was observed. In total, 47 patients (62%) suffered from pain symptoms during palliative treatment. Fourteen of those 47 patients were treated with non-steroid antirheumatic agents, and 23 patients received opiate analgesia.
All 76 patients had a histologically proven adenocarcinoma; 1% had a G1 classified tumor, 24% a G2 tumor, 59% a G3 and 12% a G4 tumor. For 3 patients (4%) no grading had been registered. Gastric adenocarcinoma was diagnosed in 41 out of 76 patients (54%), and adenocarcinoma of the gastroesophageal junction in 35 patients (46%). In 14 (18%) out of the 35 patients with adenocarcinoma of the gastroesophageal junction, the primary tumor was classified as AEG type I, in 19 out of those 35 patients (25%) as type II, and in 2 out of the 35 patients (3%) as AEG type III. In 28 cases of gastric cancer (37%), the tumor was located within the gastric corpus, and in 13 cases (17%) it was situated in the gastric antrum. Prior to palliative treatment, a surgical intervention with curative intent (gastrectomy, esophageal resection) (R0=75%, R1=15%, R2=10%) was performed in 20 out of the 76 evaluated patients (26%) as soon as the initial diagnosis had been histologically confirmed. Fifty-six out of 76 patients (74%) revealed synchronous distant metastases and were considered as eligible for palliative treatment. 
Treatment and toxicity (
Liver only 7 minimum of 1 up to a maximum of 10 cycles (median 3 cycles per patient). The following higher grade non-hematological toxicities (grade 3+4) were observed: the predominating toxicity was diarrhea occurring in 13 patients (17%), followed by infections in 9 patients (12%), vomiting in 7 patients (9%), and nausea in 2 patients (3%). Anemia was observed as the predominating hematological toxicity; it occurred in 5 patients (7%), in 3 cases most probably associated with gastrointestinal bleeding of the primary tumor, and in 2 cases it was associated with chemotherapy. Table 2 presents a complete overview of toxicities. Altogether, dose reductions due to higher grade toxicity (grade ≥ 2) had to be decided in 26 out of 76 patients (34%).
Response, TTP and median survival (Tables 3 and 4)
Seventy-two out of 76 patients (95%) were evaluable for response to first-line treatment. Complete remission (CR), the best response-to-treatment, was observed in 1 patient (1%), partial remission (PR) in 12 patients (16%), and stable disease (SD) in 46 patients (61%). Thirteen patients (17%) had progressive disease (PD). In total, a tumor control of 78% (CR+PR+SD) was achieved. As soon as response-to-treatment became evident, the corresponding CT scans were regularly presented at the interdisciplinary tumor board of Erlangen University, discussing the feasibility of secondary metastatic resection. The median follow-up period (registered from the first application onwards) was 11.4 months (range 0. The analysis of patient groups who presented with differing ECOG performance status levels at the first day of first-line treatment revealed a trend (p=0.083) towards a prolonged survival accompanied by a better general condition from treatment initiation onwards. A median survival period of 13.1 months (95% CI 8.8-17.4) was observed in patients with an ECOG index value of 0 plus 1 (n=63 patients). In contrast, patients with an ECOG index =2 (n=13 patients) had a distinctly shorter survival period of only 5.2 months (95% CI 0.8-9.5).
Secondary metastatic resection
After having achieved a downsize of the tumor by first-line treatment, the patients were again presented in the interdisciplinary tumor board of Erlangen University, and 16 out of 76 patients (21.1%) in a good general state of health were subsequently evaluated as potentially resectable. In 10 out of 16 previously unresected patients (62.5%) a curative gastrectomy with extended lymphadenectomy (D2: 40%, D3: 60%) was performed. In 4 of those 10 patients a peritonectomy combined with HIPEC (hyperthermal intraperitoneal chemoperfusion) (25%) was performed in addition to the gastrectomy. A further primarily unresected patient (6.3%) underwent an esophageal resection with gastric interposition and radical lymph node dissection of the upper abdomen and mediastinum. Two primarily resected patients (12.6%) underwent liver segment resection. Furthermore, 1 peritoneal metastasis was resected from the small intestine in another 2 previously resected patients (12.6%). In 1 patient (6.3%) it was only possible to perform an explorative laparotomy due to an advanced peritoneal carcinosis. Figure  1 presents the Kaplan-Meier curves for median survival of both subgroups and Figure 2 presents the case of 1 of the secondary resected patients.
discussion
Almost 40% of all gastric cancer patients present at a metastatic stage (UICC stage IV) [32] . In general, the surgical resection of a primary tumor without evidence of metastatic disease (UICC stage I-III) is considered as a potentially curative option, although more than 50% of all curatively resected patients will develop either distant metastases or a local recurrence [33] . For those patients, palliative chemotherapy treatment may offer a prolonged median survival and an improved quality of life. Gastric cancer patients frequently reveal clinical symptoms when presenting at a metastatic stage [34] since 50% are older than 70 years [32] . Thus, an efficient chemotherapy treatment with low toxicity plays a major role in palliative first-line therapy. 
Response Number Percentage (%)
CR
The efficacy of combined irinotecan plus 5-FU as an infusional regimen and folinic acid in the treatment of gastroesophageal adenocarcinomas has been investigated in various phase II and phase III trials [11, 27, 28, 35, 36] . An overview on these trials is offered in Table 5 . The outcome of a multicenter phase II trial conducted by Moehler et al on 56 patients with metastatic or locally advanced gastric cancer, who were treated with 5-FU/FA as a 24-h infusion (modified AIO regimen) plus irinotecan, is promising, and achieved a 43% response rate. Median OS was 10.8 months, and TTP was 4.5 months. In terms of median OS and TTP, the efficacy is comparable with the outcome of our evaluation presented here. Nevertheless, the response rate of 43% documented by Moehler et al is distinctly higher than the response rate of 17% observed in our analysis. This may be due to the rate of locally advanced gastric carcinomas in the trial conducted by Moehler et al (because locally advanced gastric cancer generally yields higher response rates) compared with our patient group that exclusively comprised patients with metastatic gastroesophageal adenocarcinoma (UICC stage IV). In terms of higher grade toxicities (NCI-CTC grade 3+4), Moehler et al observed diarrhea as the predominating symptom of toxicity, occurring in 18% of the participating patients [28] . This is equivalent to the rate of higher grade diarrhea (occurring in 17% of the patients) observed in our own evaluation. A further phase II trial (n=75 patients) investigated the efficacy of irinotecan combined with 5-FU/FA (AIO regimen) at the same dosage but with a reduced application time (FA as 2-h infusion and 5-FU as 22-h infusion instead of 24-h infusion) compared with our analysis. The phase II trial achieved a response rate of 42.4% and a tumor control rate of 84.8%; TTP was 6.5 months, and median OS was 10.7 months [36] . The data on median OS and TTP are comparable with the outcome of our analysis; however, a clearly higher response rate was obtained in the phase II trial. Among higher grade toxicities (NCI-CTC grade 3+4), neutropenia was observed in 26% of the patients, and diarrhea in 27% of the patients [36] . Thus, the phase II trial described a higher grade of toxicity related to diarrhea than the trial by Moehler et al. [28] and our analysis.
Other phase II trials employed the FOLFIRI schedule instead of the AIO regimen plus irinotecan and achieved response rates of 36-40% accompanied by a TTP of 6.9-8.6 months [11, 35] . In terms of response, the FOLFIRI schedule seems to be comparable with the AIO regimen plus irinotecan, although the TTP was shorter for the AIO regimen plus irinotecan, amounting to 4.5-6.5 months [27, 28, 36] .
A median OS of 11.3-11.6 months was achieved by the FOLFIRI regimen, which is equivalent to the outcome of our analysis, with a median OS of 11.2 months [11, 35] . Likewise, the 1-year survival rate of 48.7% and 2-year survival rate of 17.1%, which could be verified by our evaluation for palliative first-line treatment, are both comparable with the results of a phase II trial based on the FOLFIRI regimen which demonstrates a 1-year survival rate of 48% and a 2-year survival rate of 17.8% [35] . Higher grade toxicities (NCI-CTC grade 3+4) in the form of neutropenia were observed in 20-40% of the patients, and in the form of diarrhea in 16-22% of the patients. As far as diarrhea is concerned, the toxicity profiles of the FOLFIRI regimen and the AIO regimen plus irinotecan are comparable. However, the FOLFIRI regimen produces a higher frequency of alopecia (NCI-CTC grade ≥2), which occurred in 12-13% of the patients [11, 35] . In contrast, we observed alopecia (NCI-CTC grade ≥2) in only 2% of our patients, which is comparable to the outcome of the trial by Moehler et al with alopecia (grade ≥3) occurring in 5% of the patients [28] .
The evaluation of our data demonstrates an overall response rate of 17%, consisting of 1 case of complete remission (1%) and 12 cases of partial remission (16%). This response rate is distinctly lower than the response rates of comparable phase II trials on the AIO regimen plus irinotecan (Table 5 ). The main reason for this difference might be seen in the variable percentage of UICC stage IV patients in the patient population of different studies. In contrast to various other trials, our analysis exclusively comprised patients with histologically proven metastatic disease (UICC stage IV=100%), which generally is a patient collective with a poor prognosis. Table 5 demonstrates that other trials on the AIO regimen plus irinotecan either included a patient collective which was inhomogeneous in terms of the UICC stage (UICC IV, valid for 92-96%), or that the authors completely refrained from publishing the UICC stage.
Despite achieving a relatively low response rate of 17%, a median OS of 11.2 months, accompanied by 1-and 2-year survival rates of 48.7% and 17.1%, respectively, was observed in our analysis. This might be caused by employing a sequential treatment, a therapy method which is increasingly gaining in importance in clinical daily routine [37] [38] [39] . According to the data of our evaluation collective, 38% of the patients received second-line treatment after having developed progressive disease during first-line treatment, 8% received third-line treatment, and 1% fourth-line treatment. Another reason might be seen in the performance of a secondary resection subsequent to first-line treatment. In total, this surgical intervention yielded a clear prolongation of median OS. The outcome of our subgroup analysis demonstrates that the secondarily resected patients (n=16) had a significantly prolonged median survival of 23.7 months, whereas the median survival of unresected patients was only 10.1 months (p<=0.001). In 6.6% of the patients a NED status was recorded during the observation period. The sequential treatment factor and the interdisciplinary concept of secondary metastatic resection factor are 2 aspects which remain unconsidered in most trials (Tables 5 and 6 ).
A comparison between the AIO regimen plus irinotecan and current cisplatin-based standard regimens for the treatment of metastatic gastroesophageal cancer demonstrated that irinotecan-based regimens achieved a similar level of efficacy accompanied by a better toxicity profile. Two phase II trials comprising a total of 159 patients, which investigated the PLF regimen (5-FU/FA as 24-h infusion plus cisplatin) in advanced or metastatic gastric adenocarcinomas, yielded response rates of 25-46% and 8.8-9.7 months median OS. This is comparable with the efficacy of irinotecan-based regimens in other trials (Table 5) , accompanied by a more unfavorable toxicity profile (neutropenia of NCI-CTC grade 3+4 in 15-20%, and alopecia grade 3+4 in 18%) [12, 16] .
In a large phase III trial (n=221 patients), the DCF regimen (docetaxel, cisplatin, 5-FU) demonstrated a similar activity in terms of TTP (5.6 months) and median OS (9.2 months). The 1-year survival rate was 40% and the 2-year survival rate was 18%, which is comparable with our results. However, more higher grade toxicities (NCI-CTC grade 3+4) were observed under the DCF regimen than in our analysis -82% of the participating patients suffered from neutropenia and 65% from leucopenia, 19% of the patients had diarrhea and 14% had either nausea or vomiting. There were 6 (2.7%) toxicity-related deaths under the DCF regimen [19] , whereas no toxicity-related death was Table 5 . Efficacy, toxicity and secondline treatment in studies on irinotecan, 5-FU and folinic acid as combination chemotherapy in gastroesophageal adenocarcinoma.
no. -number; Iri: irinotecan; UICC -International Union Against Cancer; med. OS -median overall survival; ORR -overall response rate; TTP -time to progression; 2.line -second line therapy; n.i. -no information.
observed in our own evaluation. As the addition of taxanes to 5-FU and cisplatin, improved all primary and secondary endpoints of the V325 trial, taxanes were admitted to the market for palliative first-line treatment of gastroesophageal adenocarcinoma in 2006 [17] [18] [19] . Further phase II trials tried to improve the toxicity profile of the DCF regimen by either modifying the application schedules or including other combined agents, maintaining the same efficacy level. The Gastro-Tax-1-phase II trial applied a reduced dose of docetaxel (40 mg/m² every 2 weeks) due to the occurrence of higher grade toxicities, which yielded a dose reduction of <80% in 80% of the participating patients [40] . In other trials, cisplatin was exchanged for the less toxic and equally active oxaliplatin [14, 41, 42] . This reduced the occurrence of febrile neutropenias to <5% and achieved an overall response of 44-53% [40] [41] [42] .
Promising results were achieved with a taxane-based combination schedule of a phase II trial conducted by Al-Batran et al, in which 59 patients with locally advanced or metastatic gastric cancer were enrolled and subsequently treated with combined docetaxel, oxaliplatin and 5-FU/FA (FLOT). The outcome of this trial presented a very high response rate of 57.7% and a median OS of 11.1 months. As higher grade toxicities (NCI-CTC grade 3+4), neutropenia and diarrhea were observed in 48% and 15% of the patients, respectively. Second-line treatment was given to 50% of the enrolled patients [43] , a fact that remains unmentioned in the study protocol, but seems to be a normal procedure in clinical routine.
Furthermore, the results of 2 large phase III trials (n=552 patients) that applied the ECF schedule (epirubicin, cisplatin, 5-FU) in patients with gastroesophageal adenocarcinomas are comparable with the outcome achieved by trials based on the AIO regimen plus irinotecan in terms of median OS (ranging from 9.4 to 9.9 months). The ECF regimen yielded response rates from 41-42%, accompanied by higher grade toxicities (NCI-CTC grade 3+4) in the form of neutropenia in 32-42%. The percentage of alopecia (≥grade 2), which was observed under ECF treatment and amounted to 44-59%, seems particularly important [14, 15] .
The high response rates of 37-58% that were achieved with the DCF, ECF, PLF and FLOT regimens, and which are contrary to our own evaluation (ORR: 17%), may be primarily due to the enrolment of inhomogeneous patient collectives that widely differed in terms of UICC stage assignment. In trials based on the DCF, ECF, PLF and FLOT regimens, the proportion of patients with proven metastatic disease (UICC stage IV) ranges from 53% to 96% (Table  6 ). In terms of efficacy (median OS), the DCF, ECF, PLF and FLOT schedules are comparable with irinotecan-based regimens. Nevertheless, DCF and ECF in particular yield distinctly more unfavorable toxicity profiles than the AIO regimen plus irinotecan. The FLOT schedule especially seems to offer a promising taxane-based alternative, as it yields higher efficacy (ORR: 57.7%) accompanied by a better toxicity profile than the DCF regimen.
Primary metastatic resection is considered as an established standard treatment in colorectal cancer [44] [45] [46] . Few trials have investigated metastatic resection in gastric cancer [47, 48] . Likewise, the treatment procedure of performing a secondary resection after having achieved downsizing of the metastases through palliative chemotherapy has begun to be established in colorectal cancer [49] [50] [51] [52] ; however, this procedure has not yet been established as a standardized treatment procedure in metastatic gastric cancer. Due to the heterogeneous metastatic patterns (frequently including peritoneal metastases) of gastric cancer, the performance of a secondary metastatic resection with a curative intent appears to be clearly more difficult. According to our analysis, only 9% of the patients with metastatic adenocarcinoma of the stomach or esophagogastric junction revealed "liver-only metastases". Nevertheless, the data of our analysis demonstrate that an interdisciplinary procedure comprising palliative chemotherapy treatment followed by secondary resection could significantly prolong the median survival from 10.1 months to 23.7 months (p≤0.001). Using this procedure, the 11.2 months median OS of our total population was achieved despite the relatively low response rate of 17%; this outcome was certainly positively influenced by the performance of secondary metastatic resections. In spite of generally satisfying response rates of the phase II and phase III trials (Tables 5 and 6 ), the performance of secondary metastatic resections is rarely mentioned nor analysed.
conclusions
Due to a promising median OS of 11.2 months accompanied by a good tolerability, high dose 5-FU/FA as 24-h infusion (AIO regimen) plus irinotecan may be considered as active and well tolerated. It offers an efficient platin-free option for the first-line treatment of metastatic adenocarcinoma of the stomach or esophagogastric junction, in particular for a multimorbid patient collective. This analysis also demonstrates that secondary metastatic resection after downsizing by palliative chemotherapy yields a significant survival advantage for patients with metastatic gastroesophageal adenocarcinoma, due to interdisciplinary teamwork. The patient collective who underwent a secondary metastatic resection demonstrated a significantly prolonged median survival of 23.7 months compared with the unresected patient group whose median survival was only 10.1 months. After a short median follow-up of 11.4 months, 6.6% of the patients (n=5) were still disease-free and have a curative option. These aspects should be intensively evaluated in future prospective trials with a longer follow-up.
